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HIGH PRESSURE STUDY OF FERROMAGHETIC US*
C. Y. Huang, R, J. Laskowski,** C. €. Olsen, and J. L. Smith
Los Alamos Scientific Laboratory, University of California

l.os Alarwos, KM B754% USA

Resumé.--Nous avons éstudieé la variation avec 1a pression hydrostatique de ia
susceptibilité ac magnétique d un echantillons polycrystalline du ferromagnétique
Sulfide ¢ Uranium (US). Sa température Curie decroit linéziment de 180,0 K, a la
pression atnospherique, jusqua 175,9 X a 17,6 kbar.

Abstract.--We have investigated the variation of the ac magnetic susceptibility
of a polycrystalline ‘erromagnet US as a function of hydrostatic pressure. The
Curie temperature decreases linearly from 180.0 K at the atrospheric pressure to
175.5 ¥ at 17.6 kbar.

1. Intruduction.--In the actinide series the greater extent of the 5f atoric
wavef_rctions implies that the crv/stal field interactiors are qreater than those
ir thre lanthanide series. This large crystal-fieid potential leads to a break-
doan ¢ Russell-Saunders coupling. The difficulties in understanding the —ag-
netis~ of the a:tinide are further erhanced by the absence of any spontanreous
ragnetisn ot the early elements (U, !lip, and Pu) in the series. Nonetheless, cor-
pounds of these elenents, especially those with elements of group VIA (S, Se, Te)

show {erromagnetic orderirrg.l‘2

A1l these momochalcogenides crystallize .ith the
NaCl crystal structure. They are fairly good metallic conductors.

Guided by the unusual pressure dependence of the su;,orcorducting transition
terperature of yrariyr metal.3 Huler, et al‘ irvestigate. the pressure effects on
ferromagnetic UPt. Trey four2 that the sat.ration ragrotic ~oment wes reduced by
rore thar 90 at 0 kbar and that the Curie termyerature was presuviure iadependent.

Cur wnvestigation on the prescure effect on ferronanr~tic US was stinulated

by trese interesting properties of urenium cupounde,

*Lork perforre Junder the aysrices cf the ULDOU.
**Sur~er Pesearch fssistant.




2. Experinental Results.--The uranfun rcnosu'lfide uzed in this experiment was

prepared by the direct reacticr of uraniun ~etal witn elemental sulfur. Uraniun
turnings with sufficient amourt of sulfur tu produce a slightly hyperstoichio-
=etric monosulfide and a small amount of iodine to boost the reaction are placed
in a ragnesivm oxide crucible which in turn are placed in a sealed stainless steel
reaction vessel. The crucible portion of the reaction vessel i3 placed in a pot
furnace and slowly heated until the reaction starts (500-6G0°C). The charge is
trnen cooled to room temperature. The reaction product can then be melted in an
argon arc furmace. This secord melting consolidated the reaction product and,
a2t the same time, removed any excess sulfur in the product.

A Riz= pressurce cell wies the piston-cylinder arrangoront devigned by
L. W. Chu was employed in this study. High pressure was generated at roon ten-
cerature us'n; a one-te-one ~icvture of iscamyl alchol and r-pentane to transmivc
the pressure. The pressure w25 detemined by a superconducting Pb manoneter.
The isobaric runs were macde by locking the pressure at roon temperature using a
Ce-Cu clarp tefore varying the tenperature of the sample and the clamp.

Fig. 1 shows the measured Curie tenperatures, Tc' which we defined to be
the temperatures of the maxira of the ac susceptibility. In contrast to LPt,
Tc for US decreares linearly from 180.0 ¥ at the atmospheric pressure to 175.9 ¥
at 17.0 kbar. We have also analized our susceptibility data using5 X = constant
- LT 3), where € is the Curie constant arnd 2 the paramagnetic Curic tempera-
ture. Qur data revealed that decreased with pre-sure, The ragnetic rmonent at
17.6 kbar decreased ~ 30. fro— its value at the atmospheric pressure.
3. Ciscussions.--First, the <irplest theory for describing the actinide HaCl-
struciure compound 1s the one in which an inteqral nuber of f electrons on the
actiride is assumed. Accordirqjly, Grunzwein-Genossar, et e16 tood uraniun in

. . e 2 . . .
uraniun chelcogenides to be ' with a 5f° configuration and with the total an-



gular momentum of J = 4 in the ground state as a good qu.ntum number. Contrast-
ingly, because the spatial extent of 5f eiectrons is considerably greater than
that of the 4f electrons in lanthanides and the band approach is more appropriate
thkan the localized magnetic noment approximation.Davis7 has made the band cal-
culations and his results are consistent with the photoemission work on US by
Eastman and Kuznietz8 who concluded that the Fermi surface is located in a
broad f-d band which is almost indistinguishable from the conduction band. Fol-
lowing Goodenough's 1dea9 of a critical interatomic distance beyond which elec-
trons are localized and under which they are itinerant, Hill]0 combined the
localized and band approaches by proposing a critical value for the actinide-
actinide spacing teyond which magnetic ordering results.

From the discussions above, it is clear that our data support the band pic-
ture - i.e. under high pressure, the U-U spacing in US decreases, resulting in
a broadening of ithe f band and an increase in the f electron participation in
the bonding of the metal. This "da.ocalization" of the f electrons gives rise
to a reduction in the magnetic mor.nt at high pressure.

Extrapolation of our data indicates in the Tc that the 5f elec rons could be
completely delocalized at ~ 1 megabar pressure. It is interesting to speculate
1

whether the system might become superconducting a% this point similar to Ce.

Ackrowledgement.--We would like to thank C. U. Chu for allowing us to use his

high pressure cell.



Figqure Caption

fig. 1. Curie temperature, Tc' versus pre- f US.
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